The research program of the Center for Econom c Studies CES)
produces a wi de range of theoretical and enpirical econom c
anal yses that serve to inprove the statistical prograns of the
U.S. Bureau of the Census. Many of these anal yses take the form
of CES research papers. The papers are intended to nake the
results of CES research avail able to econom sts and ot her
interested parties in order to encourage di scussion and obtain
suggestions for revision before publication. The papers are
unof ficial and have not undergone the review accorded offici al
Census Bureau publications. The opinions and concl usi ons
expressed in the papers are those of the authors and do not
necessarily represent those of the U S. Bureau of the Census.
Republication in whole or part nust be cleared with the authors.

| nnovation and Regul ation in the Pesticide Industry

by

M chael d i nger*
Jor ge Fer nandez- Cor nej o*

CES 95-14 Decenmber 1995

Al'l papers are screened to ensure that they do not disclose
confidential information. Persons who wish to obtain a copy of
t he paper, submt comments about the paper, or obtain general

i nformati on about the series should contact Sang V. Nguyen,
Editor, Discussion Papers, Econom c Pl anning and Coordi nati on,
Center for Econom c Studies, Room 1587, FB 3, Bureau of the




Census, Washington, DC 20233-6101, (301-763-2065) or | NTERNET
address snguyen@ nf 0. census. gov.



ABSTRACT

Thi s paper exam nes the hypothesis that regul ation
negati vely affects pesticide innovation, causes pesticide
conpanies to introduce nore harnful pesticides, and di scourages
firms from devel opi ng pesticides for mnor crop markets. The
results confirmthat pesticide regulation adversely affects
i nnovation and di scourages firns from devel opi ng pesticides for
m nor crop markets. Contrary to the hypothesis, however,
regul ati on encourages firns to develop | ess toxic pesticides.
Esti mat es suggest that it requires about $29 million in industry
expenditures on health and environnental testing to affect the
toxicity of one new pesticide.
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| . I ntroduction

In 1992 U. S. farmers spent alnobst $6 billion on chem cal
pesticides to control pests (National Agricultural Chem cal
Associ ation - NACA, 1993). Resear chers (Headl ey, 1968;
Canpbel |, 1976), anong others, have shown that chem cal
pesticides have played a major role in increasing farm
productivity. For exanple, corn yields rose threefold over the
past forty years and, even as corn | and usage declined by 10%
corn output increased dramatically. Despite the positive effect
of chem cal pesticides on agricultural productivity, there is
grow ng concern over their use. A nunber of econom sts,
i ncl udi ng Harper and Zil berman (1989) contend that pesticides
cause risks to farmworkers, contam nate ground and surface
wat er, have harnful effects on wildlife, and, because of
resi dues, cause health risks to consuners. Hence, pesticides are
necessary for high agricultural productivity but have potentially
harnful side-effects. These potential side-effects have pronpted
t he governnent to strictly regulate the introduction of new
chem cal pesticides.

Some critics of Environnental Protection Agency (EPA)
pesticide regul ation assert that the cost of conplying with
regul ati ons reduces the incentive to devel op new pesti ci des.
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Addi tionally, sonme researchers, such as Lichtenberg, Spear, and
Zi | berman (1993), question whether nore stringent regul ations
result in safer pesticides. Qher researchers (G anessi and
Puffer, 1992) argue that regulatory costs have encouraged firns
to register pesticides only for major crop narket uses, such as
corn, and has deterred firnms fromregistering pesticides for

m nor crop market uses, such as fruits and vegetables. Questions
of the inpact of regulation on registrations, pesticide toxicity,
and pesticide crop nmarket uses may be closely |linked. G eene,
Hartl ey, and West (1977) argue that high regulatory costs reduce
the incentive to devel op pesticides for mnor crop uses and
encourages firns to devel op pesticides that are effective on many
types of pests and under diverse weather conditions. However,

t hese wi de spectrum pesticides are the ones nost |ikely to have
nor e undesirabl e environnmental side-effects.

Sone evi dence suggests that regul ati on becane nore stringent
after the establishnent of the EPA in 1972. Between 1970 and
1989, pesticide research expenditures used for health and
environnmental testing rose from14 to 47 percent of total
pestici de research spending; product devel opnent tine rose from
seven to el even years; and, the EPA cost estimates of mandated
testing requirenents for registering pesticides under FlIFRA (EPA-
antici pated costs) al nost doubled. Meanwhile, the nunber of new
pesticide registrations dropped from 46 over the 1972-76 peri od
to 24 over the 1987-91 period (Table 1). In ternms of markets
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served, the nunber of new pesticide registrations for m nor crops
(vegetables, fruits, and nuts) declined from®62 over the 1972-76
period to 15 for the period 1985-89, while registrations for
maj or crops (corn, soybeans, wheat, cotton, sorghum renained

al nost unchanged (Table 1).

Previ ous studies (Council of Agricultural Science and
Technol ogy - CAST, 1992; Ofice of Technol ogy Assessnent - 1981,
Hat ch, 1982) of the effect of pesticide industry regulation have
shown that, during the 1970s, the average cost of devel oping a
new pesticide rose, pesticide research resources shifted towards
t oxi col ogi cal and environnental testing and away from synthesis
and screening, and the |ag between di scovery and
commerci alization of new pesticides rose. These studies did not
address the effect of regulation on innovation, however.
Additionally, they exam ned industry rather than firmlevel data.

St udi es of the pharnmaceutical industry may shed additi onal
Iight on how regul ation affects new pesticide registrations.
Several econom sts (Peltzman, 1973; G abowski, Vernon, and
Thomas, 1978; Thomas, 1990) have shown that Food and Drug
Adm ni stration (FDA) regul ati on adversely affects new
pharmaceutical registrations. Thomas (1990) attributes nost of
the decline to the drop in pharmaceuticals that serve as cl ose
substitutes to existing drugs. However, Thomas (1990) neither
i nvestigates the inpact of regulation on novel pharmaceuticals
for small drug markets, nor addresses how pharnmaceuti cal
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regul ation affects drug quality. For exanple, did the harnful
side effects of drugs that passed FDA approval drop after
regul ati on becane nore stringent?

The purpose of this paper is to (1) exam ne the inpact of
EPA regul ati on on pesticide innovation, (2) investigate the
rel ati onshi p between regul ation and the toxicity of new
pesticides, and (3) eval uate whether regul ati on discourages firns
from devel opi ng pesticides for mnor crop markets. This paper
differs fromstudies of the effects of pesticide regulation on
innovation in that it uses firmlevel rather than industry data.
It differs fromother studies of regulation in that it exam nes
how regul ation affects the toxic side effects of a newy
regi stered product and identifies the industry submarkets
af fected by regulation. The paper is organized as foll ows.
After first describing the regulatory and econom c environnent,
we present a theoretical framework to exam ne the effect of EPA
regul ati on on pesticide innovation, pesticide toxicity, and
pesticide crop nmarket uses. Next, we present our enpirical
nodel s. Then, we briefly describe the estinmation procedures.
Finally, we present our results and concluding comments. The

appendi x contains a description of the variables and the data.

1. Pesticide Regul ation, Research Lags, and Industry
Transi tion.
Concern over the health consequences of agricultural
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chem cals | ed Congress to enact the Federal Food, Drug, and
Cosnetic Act (FFDCA) in 1938 and the Federal Insecticide,
Fungi ci de, and Rodenticide Act (FIFRA) in 1948. Congress gave
the Food and Drug Administration (FDA) the authority to establish
procedures for setting tol erances under the FFDCA. Fl FRA
mandated that all agricultural chemcals for sale in interstate
commerce be registered agai nst manufacturers' clains of
effectiveness and that the | abel state the toxicity of the
pesticide. Congress assigned authority to enforce FIFRA to the
USDA.

Congress anended FFDCA in 1954 and 1958 and FIFRA in 1959,
1964, and 1967. The FFDCA anendnents required pesticide
producers to thoroughly evaluate the safety of substances in food
and to supply data showng the acute (inmmediate), internediate,
subchronic (up to 90 days), chronic (long-term, and other
m scel | aneous effects of the pesticides. The anendnents al so
stated that no food additive that increases cancer potential in
humans or animals can be considered safe. The FI FRA anendnents
granted the USDA the authority to regulate all pesticides, closed
a | oophol e that enabl ed conpanies to register pesticides when
regulators felt that nore data were required, and nade it
necessary for pesticides to neet a finite tolerance to gain
registration ( Hatch, 1982).

Hat ch (1982) asserts that concern over the carcinogenic and
environnmental effects of pesticides led to the transfer of
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jurisdiction of pesticide regulation fromthe USDA to the EPA in
1970 and to a 1972 anendnent to FIFRA that toughened existing
pesticide laws. Under this new | egislation, Congress gave the
EPA responsibility for reregistering existing pesticides,

exam ning the effects of pesticides on fish and wildlife, and
eval uating chronic and acute toxicity effects. Overall, the
anendnent greatly increased the health and safety data needed to
support pesticide registrations, required existing pesticides to
be brought up to current standards, and gave the EPA authority to
cancel or suspend pesticides that nay pose unreasonable health or
environnental risks (Hatch, 1982).

Sone aspects of the 1972 anendnent were anbi guous and were
not resolved until the 1978 anendnent. Part of the concern was
over the costs of registering pesticides with | ow neasurabl e
environnental risks; the devel opnent of pesticides for mnor crop
mar kets (m nor use pesticides); and, the reregistration of
exi sting pesticides. A major concern addressed in the anmendnent
was the use of existing field data by a second pesticide
devel oper. The 1972 anmendnent stated that one |egislative
objective was to lower regulatory costs but it did not indicate
how to resol ve issues related to data transfers. A conflict
ari ses when a second manufacturer wants to sell a product simlar
to one already on the market. Overall regulatory costs would be
| ower if the new manufacturer could use existing data. However,
data used by a second pesticide devel oper puts this new devel oper
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in conflict with the interests of the ower of the data.

The 1978 anendnent eased data requirenents for pesticides
that posed | ow environnental risks and gave the EPA the right to
reduce data requirenents for mnor crop pesticides. The 1978
| egi slation al so strengthened the enforcenent function of the
states and the authority to register pesticides for specific
| ocal needs. Additionally, the anendnent allowed certain crop
uses that were not inconsistent wwth the label. Finally, the
1978 anendnent gave new nmanufacturers the right to use original
producer data but required themto conpensate the original
devel opers. The anount of conpensation was to be deci ded through
arbitration.

The translation of the 1972 legislation into new pesticide
field testing requirenents took place gradually. The physi cal
change in jurisdiction and staffing at the EPA invol ved the
transfer of people to the EPA fromthe USDA and the FDA; thus,
many of the early testing procedures were based on what these
regul at ors had done previously.

The rul e-maki ng practices necessary to inplenent the 1972
FI FRA anmendnent al so suggests a gradual increase in regulatory
stringency. The EPA formally wote rules in 1978 and 1982.
These rules were in addition to those in existence in 1972,

Anot her set of rules is currently in the review process. Gry
Bal |l ard and Arnold Aspelin of the EPA indicate that the EPA
required pesticide firns to informally adhere to all rules before
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they were formally published. For exanple, pesticide registrants
currently adhere to all testing requirenents proposed in 1994 and
followed all of the 1978 rules in 1977 and sonme of the 1978 rul es
in 1972.

The 1978 rules dealt mainly with chronic testing and, in
terms of the EPA-anticipated costs, represented a 30% i ncrease in
regul atory stringency over the 1972 rules. The 1982 rules
i ncl uded many new environnental and chronic tests and increased
anticipated stringency by 95% over that which existed in 1972.
The current rul e changes have increased stringency by about 100%
over that which existed in 1972.

Testing requirenments now include up to 70 different types of
tests that consist of a two generation reproduction and
terat ogenecity study, a nutagenicity study, and toxicol ogy
studies, i.e. acute, subchronic, chronic oncogenicity, and
chronic feeding effects. These tests cost mllions of dollars
and can take several years to conplete. Additional tests are
used to evaluate the effects of pesticides on aquatic systens and
wildlife, farmworker health, and other environnental effects.
Staffing |l evels of workers devoted to enforcenent of FIFRA
reflect the growi ng EPA regul atory activity. During the 1972-75
peri od, EPA budgets indicate an average of 54.2 EPA Ofice of
Pesticide Progranms (OPP) enpl oyees for each new pesticide
registration. By the 1986-89 period, the nunber of enployees per

new pesticide had risen to 91. 4.



Aside fromthe regulatory lag, a significant |lag al so exists
bet ween the di scovery of a new pesticide and the tine when the
pesticide is ready for comercial use. In 1972 it took an
average of seven years to go fromdiscovery to marketabl e
product. Thus, pesticides registered in 1972 were discovered in
1965. It was not until 1982 that pesticides discovered after
1972 canme onto the market, as the average devel opnent tine had
risen to ten years (NACA. 1983). Since all pesticides introduced
before 1982 were in various stages of devel opnent when the EPA
was established in 1972 and EPA regul atory stringency increased
over tinme, the types of pesticides that firns introduced in the
early 1970s may have differed substantially fromthe pesticides
i ntroduced during the md 1980s. For exanple, during the 1970s,
pesticide firnms abandoned the devel opnent of organochl ori nes and
ot her rel ated pesticides because the EPA believed that these
chem cal s posed health risks and adversely affected the

envi ronnent .

[11. Industry Transition

The pesticide industry nade a transition fromgrowh to
maturity over the 1966-92 peri od. Bet ween 1966 and 1976, the
sal es of herbicides, the nost comonly used type of pesticide,
rose from101 mllion pounds to 373.9 mllion pounds of active
ingredient (a.i.). By 1982 herbicide sales increased to 455.6
mllion pounds of a.i. and stabilized, reaching 478.1 mllion
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pounds of a.i. in 1992 (Gsteen and Sznedra, 1989; Delvo, 1993).
In terns of acres treated, farners applied pesticides to al nost
95% of their corn, cotton, and soybean acreage by 1982 and
application quantities per acre were stable during the 1980s. In
addition to this apparent saturation of the market as expressed
in the percentage of acreage treated, acreage planted declined
after 1982. From 1970 to 1982, total U S. grain production rose
from187 to 332 mllion netric tons, but then dropped to 283.7
mllion nmetric tons by 1989 as foreign and donestic denmand
declined. Reflecting these changed circunstances, farmreal
estate val ues dropped from $304 in 1982 to $215 billion in 1989
USDA, 1992). Hence, in the post-1982 period nost new pesticides
had to di splace existing products to generate revenue.

Changes in the conposition of the pesticide industry
correspond with the maturation of the pesticide industry and the
decline in farmoutput. 1In 1972 there were 33 conpani es actively
engaged in pesticide innovation and pesticide sales by foreign-
based conpani es were approximately 18% of the market. By 1989,

t he nunber of innovative pesticide conpanies dropped to 19 but
t he nunber of innovative foreign-based conpanies rose by three
and the market share held by all foreign-based conpanies rose to

43% (A i nger and Fernandez- Cornejo, 1993).

V. Firmand Industry Attributes Associated with Innovation
Previ ous econom c research has characterized technol ogi cal
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i nnovation as a function of research and devel opnent spendi ng,
regul atory costs, firmsize, market structure, and demand
conditions. Jaffe (1985), anbng ot her econom sts, considers
research expenditures an investnent in the devel opnent of
econom cal ly useful know edge. Mansfield (1968) and many
subsequent researchers have found positive rel ationshi ps between
research and devel opnent spending and the rates of technol ogi cal
innovation. In an industry simlar to the pesticide industry,
G abowski, Vernon, and Thomas and Thonmas (1978) found a strong
positive relationship between firm pharnaceutical research
expendi tures and the nunber of new drug introductions.

Sutton (1991) denonstrates that regulatory costs nay affect
research expenditures and thus al so influence innovation. He
shows that a rise in exogenous sunk costs, such as regul atory
costs, nmakes it necessary for a firmto either exit the industry
or increase revenues. Firns increase revenues by increasing
endogenous sunk costs, such as research and devel opnent. The
increase in research expenditures can be directed at nmaki ng an
exi sting product useful in nore markets, inproving products in
| arger markets, or both.

Firms may vary in their innovative success. Klepper and
Graddy (1990) argue that, as a narket evolves, firnms with higher
product qualities and | ower costs prosper at the expense of firns
with |l ower product qualities and higher costs. In an innovative
i ndustry, this suggests that recent success encourages innovators
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to generate nore new products and thus continue to grow. For
exanpl e, Thomas (1990) attributes the inability of small firnms to
grow in the pharnmaceutical industry to a decline in their
research productivity.

Several econom sts assert that high cost research, as that
requi red for chem cal pesticides, may favor large firns.
Schunpeter (1961) and Gal braith (1952) suggest that large firns
have greater financial capacity and thus can better spread ri sks.
More recently, Greene, Hartley, and West (1977) and Teece (1982)
claimthat large firns are better able to take advantage of their
research because they have nore market outlets. |In addition, Acs
and Audretsch (1987) enpirically show that large firns have an
i nnovati ve advantage in industries that are capital-intensive and
produce a differentiated good. Hence, size gives a firmnore
mar ket opportunities and greater financial capacity to fund
research.

Kam en and Schwartz (1982) rem nd us that invention is a
response to profit opportunities. Two aspects of demand are
rel evant. The robustness of demand influences the nunber of
products a market can absorb and thus may affect innovation. In
addi tion, Kaplinsky (1983) argues that the relationship between
firmsize and innovation varies for different phases of the
i ndustry gromh cycle. Kamen and Schwartz (1982) agree,
suggesting that growi ng i ndustries generate nore inventive
activity than stagnating or declining industries.
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V. The Innovation Process in the Pesticide Industry

The process of devel opi ng new pesticides is | engthy and
costly. After discovery, the devel opnent process passes through
a nunber of steps. First, researchers conduct secondary
screenings in which biological thresholds are determ ned. Next,
a nulti-disciplinary group determ nes whi ch conpounds deserve
further investigation. Afterwards, process devel opnent personnel
synt hesi ze the nost prom sing chemcals in |larger quantities.

O her experts use the |arger batches of chem cals to conduct
efficacy tests in the |aboratory and the field, exam ne chem cal
toxicity, and estimte production costs. This technical and cost
data is then passed on to managers who determ ne whet her the
conpany shoul d pursue small plot field testing.

Sel ected chem cal s nust pass through a series of ever nore
demanding field tests. First, agricultural researchers use snall
scale field testing in order to determne the efficacy of the
chem cal conpound relative to existing pesticides. They also
eval uate the inpact of soil, sunlight, mcrobes, and the clinmate
on its effectiveness. |If the pesticide candidate fares well
agai nst existing pesticides, the firmobtains an experinental use
permt (EUP) fromthe EPA. This EUP allows the conmpany to
conduct larger field tests. The EPA grants the EUP only if it
bel i eves that evidence, provided by the conpany, shows that no
adverse environnental effects will occur. |[|f the EPA does not
grant a permt, then the conpany nust either specify a new field
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test that neets EPA objections or abandon pestici de devel opnent.

In the larger field tests, biologists and other experts
conduct netabolism environnental, residue, and toxicol ogy
studies in order to determ ne the inpact of the conpound on
humans, mammal s, fish, and wildlife. Sinmultaneously, chem cal
engi neers and ot her production personnel devel op fornulation
t echni ques and producti on nethods.

The ability to sel ect chem cal conpounds with high efficacy
that can also neet EPA toxicity tests is extrenely inportant.
Sel ecting a chem cal conpound that does not neet EPA requirenents
| eads to | ost research costs and tine. The selection of a
chemcal wth |low efficacy may enabl e the pesticide to neet EPA
toxicity standards, but cause it to fail in the marketpl ace.
Devel oping an optinal testing strategy is inportant because, if a
firmconducts too many tests, it incurs high devel opnent costs.
Alternatively, if a conpany does not conduct enough tests or has
poor data, then the additional tests or the revisions to the data
del ays the commercialization of the product and results in |ost
revenue.

As suggested earlier, increasing test requirenments and
per haps declining research opportunities correspond with
increases in the pesticide devel opnent cycle and regul atory
costs. NACA (1972 and 1988) surveys indicate that the industry
average tine required to bring a pesticide frominitial screening
to market rose fromseven years in 1971 to ten years in 1987. In
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addi tion, new pesticide research expenditures for health and
environnental testing as a fraction of new pesticide research and
total research expenditures for health and environnental testing
as a fraction of total industry research spending each rose by
over 200 percent.

Both the increase in research regulatory costs and the
pestici de devel opnent cycle are costly and can deter firnms from
devel opi ng certain types of chem cal pesticides. Higher
devel opnent and regul atory costs di scourage sone types of
i nnovati on because a product nust realize greater revenue in
order to be profitable. The increase in pesticide devel opnent
time is costly because it |leads to a | onger payout period. In
addi tion, conpanies gain patent protection during the devel opnent
process. Thus, a |onger devel opnent tine also gives a pesticide
conpany less tinme to sell a pesticide as a proprietary product.

A pesticide can be devel oped for application on nmajor crops,
m nor crops, or both. Potential revenue can vary from thousands
to mllions of dollars for each use and is |limted because
farmers already use pesticides on nost of their farm acreage.
Accordingly, increases in either research costs or pesticide
regul atory expenses cause the gap between potential revenues and
costs to narrow and results in some mnor crop pesticides
becom ng unprofitable. Hence, an increase in either research or
regul atory costs should cause new pesticide registrations to
decline and should encourage firns to shift their research focus
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to the devel opnent of pesticides for nmajor crop nmarkets.

Hi gher research expenditures nay |lead to the devel opnent of
nore toxic pesticides. The objective of research and devel opnent
expenditures is to devel op new pesticides with high efficacy that
can generate significant revenues and, hence, profits. dIinger,
Aspelin, and Shields (1993) found that research expenditures
positively affect new pesticide product size (i.e. sales). Beach
and Carlson (1992) show that farners value the efficacy of
pesticide nuch nore than safety or environnental qualities.
Accordingly, a pesticide firmnust first and forenost develop a
pesticide with high efficacy. Plapp (1993) observes that
insecticides with high efficacy are al so very toxic.

Li cht enberg, Spear, and Zil berman (1993) support this view for
pesticides in general. Hence, in order to devel op a pesticide
wth the qualities demanded by farnmers and thus generate high
revenue, a firmnust select a pesticide candidate froma group of
hi ghly toxi c conpounds.

To obtain registration, a pesticide candi date nust pass EPA
standards. |If a firmselects only chem cal conpounds w th high
ef ficacy and these pesticides are highly toxic, then many
chem cal conpounds will not neet EPA standards and nust be
dropped. Mreover, as efficacy rises, nore pesticide candi dates
are likely to be discarded, but the remaining successful
pesticides are likely to generate nore sales and be nore toxic
than pesticides with |lower efficacy. Hence, higher search costs
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(research expenditures) |leads to the devel opnent of pesticides
wWth greater efficacy and higher toxicity relative to al
pesti ci des.

Arise in regulatory stringency suggests either a reduction
in existing tolerances or stricter enforcenent of existing
standards. In either case, an increase in stringency reduces the
nunber of pesticide-candi dates that can pass regulatory tests
because pesticides that fornerly conplied with regul atory
standards may no | onger neet new guidelines. Hence, an increase

in regulatory stringency should reduce pesticide toxicity.

VI. Enpirical Mbdels

Bel ow we consi der reduced formenpirical nodels of the
determ nants of new pesticide registrations, pesticide toxicity,
and pesticide crop nmarket size. W exam ne the hypot heses that
EPA regul ati on adversely affects new pesticide innovation,
encour ages the devel opnent of nore toxic agricultural chem cals,
and di scourages the devel opnent of pesticides for mnor crop

mar ket s.

A. Pesticide Innovation
Equation (1) is a reduced formenpirical nodel of the
rel ati onshi p between new pesticide registrations (N,), which is
used as a neasure of econom cally useful innovations, and
pesticide research expenditures (RESEARCH,), pesticide growth in
17



mar ket share (LG&SHR,), a dummy variable for foreign-based firns
that enter the U S. pesticide market after 1972 (INT;,), an
interaction term between |INT;, and RESEARCH, (RDI NT;;), firm
pesticide market share (LSHARE,), pesticide regulation (PESLAB,),
farm output prices (PRICES,), which is a proxy for farm demand,
and i ndustry growth (GROW5,), which is a proxy for the industry
life cycle. Al variables except the dumry variable are in | og

form (See the appendix for detailed variable definitions.)

In(N,) = $,+ $,| n(RESEARCH,) + $,I n(LGSHR ) + $,I NT,,+ $,RDI NT,,+
$.l n(LSHARE,,) + $¢ n( PESLAB,) + $,I n( PRI CES,) +
$sl N(GROWB,) +,;.) (1)

Since, we are testing the hypothesis that regul ation
adversely affects innovation, we control for other factors that
are either known to or are known likely to affect innovation.
Previ ous research, as discussed above, suggests that research
expenditures, growh in firmmarket share, the presence of
foreign-based firns, firmsize, and industry growh shoul d
positively affect innovations.

The dummy variable for foreign-based firnms should positively
af fect pesticide registrations because foreign-based firnms can
i ntroduce pesticides fromoverseas into the U S mrket while
incurring very |l ow research costs. This apparent advantage
shoul d dimnish as foreign-based firmU.S. pesticide research
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expenditures rise. The interaction term between the foreign-
based firm dummy vari abl e and research expenditures (RDI NT,,)
shoul d, therefore, negatively influence pesticide innovations.

We use three proxies for regulatory stringency in order to
verify the robustness of our results. Each of these regulatory
proxies relates strongly to the others. As the first measure, we
use |l abor at the Ofice of Pesticide Prograns (PESLAB,). The
approval process becones | onger when regul ati on becones nore
stringent and shortens when enploynent is increased. Since
approval tinmes at the EPA have increased slightly over the past
twenty years, a change in enploynent should provide a neasure of
the change in regulatory stringency.

We al so enploy industry pesticide research expenditures used
for toxicological and environnmental testing as a fraction of al
pesticide research and devel opnent expenditures (AVREG) as a
measure of regulatory stringency. These costs change with
changes in regulatory stringency, but may overstate the
regul atory inpact. Firnms would |ikely do sone toxicol ogical and
environnmental testing in the absence of regul ati on because Beach
and Carlson (1992) showed that farners value health and
environnental attributes of pesticides.

Qur third neasure of regulation is the anticipated costs of
data requirenents for registering pesticides under FlIFRA (EPA-
anticipated costs), ARUL75,. The EPA established new regul atory
rules in 1978, 1982 and 1994. In each instance, the EPA
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estimated the costs of the new and existing tests. @ ven these
costs, we constructed an index of regulatory stringency.
According to Arnold Aspelin and Gary Ballard of the EPA who
wrote the Econom c | npact Analysis for the rule changes, new
pesticide registrants conplied with new rules prior to their
formal publication. Hence, 1978 rules formalized the revised
procedures established by the EPA over the 1972-77 period, 1982
rules reflect revised testing procedures introduced during the
1978-81 period, and 1994 rul es refl ect changes introduced after
1981. To define ARUL75,, we assune that actual conpliance
occurred in 1975 for the 1978 rules, in 1979 for the 1982 rul es,
and in 1988 for the 1994 rules. Since it is possible that firns
anticipate regul atory changes, we also estinmate a nodel in which
we assune that the 1978 rules were anticipated in 1972, 1982
rules were anticipated in 1979, and the current rules were
anticipated in 1983. The results obtained with this alternative
definition are simlar to ARUL75, and thus we do not report them
We define each regulatory termas a |lag structure over the
i ndustry average pesticide devel opnent cycle because a firm
excl udes sunk costs when nmaki ng devel opnent plans. For exanpl e,
if afirmwas at the beginning of the pesticide devel opnent
process, it would bal ance devel opnent and testing costs (DT)
agai nst potential revenues. |If regulation becones nore
stringent, then DT rises and a marginally profitable product
under the old regulatory regime woul d becone unprofitabl e under
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the new reginme and the firm does not develop it. However, if
initial devel opnent is conplete, a firmignores past (sunk)

devel opnent costs and bal ances testing costs (T) against
potential revenues. As a result, a firmmy seek registration of
the product. Hence, the full effects of regulation are not
imedi ately felt and one nust consider the regulatory regi me over

the entire product devel opnent cycle.

B. Pesticide Toxicity

Pesticides are biologically active and many nay be har nf ul
either to the environnent or to human health. Concern over
pesticide toxicity led the EPA to require that producers place
acute toxicity ratings (I, II, I'll, or 1V) of the pesticide on
the label. A rating of | is the nost toxic. Acute toxicity
rati ngs are based on the LD50 val ue, which is the dose of a
toxi cant necessary to kill 50 percent of the test aninmals studied
within the first 30 days after exposure. The EPA al so requires
producers to note on the | abel all chronic hunman effects and any
possi bl e harm from i nhal ati on, skin absorption, or eye damage.
Addi tional ly, producers nust indicate on the registration whether
the pesticide harns fish or wildlife.

The various reporting requirenents stemfromdifferences in
the health and environnental effects of chem cal pesticides. For
exanpl e, sone pesticides have a high acute toxicity rating, cause
chronic health effects, and are harnful to fish and wldlife.
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O hers may have a | ow acute toxicity rating, have no chronic
health effects, and may not be harnful to fish and wildlife.
These differences in toxicity allow one to classify pesticides as
being "nore" or "less" toxic.

Equation 2 regresses the proportion of |ess toxic pesticides
to all pesticides (LESSTOX;) on pesticide industry research
expenditures (RDIND,), the Herfindahl |ndex (HERF,), the
proportion of foreign-based firmentrants (INT2,), regulation
(PESLAB,), and, control variables for farm sector market
conditions (PRICES,) and pesticide sales growh (GROMN,). Again,

we use three proxies of regulation to check nodel robustness.

LESSTOX,= $,+ $,,RDI ND+ $,,HERF,+ $,,| NT2,+ $,,PESLAB, +

$,,PRI CES + $,;GRO, (2)

We test whether regulation causes firns to introduce a
greater nunber of |less toxic pesticides. W argued above that
research expendi tures should negatively affect the nunber of |ess
toxic pesticides. In addition, previous research suggests that
surviving pesticide conpanies tended to be |larger and better able
to avoid regulatory penalties than acquired conpanies (A i nger
and Fernandez- Cornejo, 1993). Hence, we expect the Herfindah
I ndex to positively affect the nunber of |ess toxic pesticides.
We use the proportion of foreign-based firmentrants,
agricultural prices, and industry growh as control variables for
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the influence of foreign-based firmentrants, farm sector denmand

conditions, and the industry life cycle.

C. Pesticide Crop Markets

Pesticides can only be sold if they are regi stered for use
on a particular crop (crop use). Equation 3 regresses the ratio
of the nunber of pesticides for major crop nmarkets to the nunber
of pesticides devel oped for all crop markets (LARGCROP,) on
pesticide industry research (RDIND,), the Herfindahl |ndex
(HERF,), foreign-based firmentrants (INT2,), regulatory
intensity (PESLAB,), agricultural prices (PRICES,), and the
grom h of planted agricultural acreage (GROA,). Again, we use

three proxies of regulation to check nodel robustness.

LARGCROP,= $,:+ $,;RDI ND,+ $,;HERF,+ $,4l NT2,+ $,,PESLAB,+
$,0PRI CES;+ $,,GROVN2, (3)

We are testing the hypothesis that higher regulatory costs
reduce the margi n between potential product revenues and product
costs and thus encourages producers to devel op broad spectrum
pesticides that can service at |east one major crop market (i.e.
corn, soybean, sorghum wheat, and cotton) and to abandon
speci alized mnor crop markets, i.e. fruits and veget abl es.
Empirically, one would expect regulatory costs to positively
affect the ratio of pesticides devel oped for major crop markets
to pesticides developed for all crop markets.
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We control for other factors that may influence pesticide
crop market use. Research effort affects both the anount of
research output and the type of research and, thus, may influence
pesticide crop nmarket use. Successful firns with | arger market
shares nust devel op pesticides for major crops in order to
mai ntain their market position; thus, a rise in the proportion of
t hese successful firns nmay affect pesticide crop narket use.
Hence, the Herfindahl index should positively affect the
proportion of pesticides for major crop markets. |In addition, we
control for foreign-based firmentrants, agricultural prices, and
i ndustry growth. The expected profits froma given crop market
varies with the potential size of the narket. A decrease in
pl ant ed acreage may nmake sone m nor pesticide uses unprofitable
and an increase in planted acreage may nake pesticide market uses
profitable. Hence, planted acreage nay negatively affect the
proportion of pesticides for major crop markets.

Preci se variable definitions are presented in Appendi x A
The description of the data is |ocated in Appendi x B. Mst of
the data canme fromthe U S. Bureau of the Census, EPA

publ i cati ons, and NACA pesticide industry surveys.

VI1. Estimation Methods

W use a two stage Quasi-Likelihood (Q) nethod to estimate
equation 1 over the 1972-91 period with firmlevel data. New
pesticide registrations approximte a Poisson distribution, with
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nmost firms in nost years introduci ng no new pesticides. One
approach may be to use a Poi sson regression, but this
specification requires that the nean be equal to the variance.
Interfirmdifferences in innovative efficiency causes the
variance to grow faster than the nean and results in over (under)
di spersion (see Gourioux, Mnfort, and Trongon, 1984).

McCul | agh and Nel der (1983) denonstrated that the use of
quasi -1 i kel i hood techni ques (Q.) overcones problens of over
(under) dispersion by providing added flexibility to a Poi sson
regression. Rather than strictly defining a statistical
relationship, this nethod allows the nean to be only proportional
to the variance. Moreover, the unknown distribution is specified
to be of the linear exponential famly, a general class of
distributions. (See Thomas, 1990, for a nore conplete
di scussi on).

Quasi -li kelihood estinates can be obtained with the use of
nonl i near weighted | east squares with the variance termV(u) as a
wei ght. The di spersion paraneter (F.? is estimted with
equation (4). A value of one indicates an absence of over

(under) di spersion.

2
2 - Ek: (3,’(3; / (Jkp) . (4)

| nference about individual paranmeters b is based on the
asynptotic standard errors and t-statistics reported in the
wei ght ed | east squares outputs of statistical packages.
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Inference for nultiple paraneters is based on the Q function,
I (u;y). For a Poisson distribution this Q. function is specified
as
I'(u;y) =y log(u) - u (5)
(See Carrol and Rupert , 1988, for discussion).
The QL function and the dispersion paraneter in equation (6)

are then used to conpute the chi-square statistic, P2

2AQLF - 2 (Xk: 1(U(Bypiy) - Xk: T (U(BrgeeiY)) = OgorXpg (6)

Note, b, are restricted paraneter estimtes and b, are
unrestricted estinmates.

The di spersion paraneter (Table 2) indicates that sone
under di spersion exists. Qur econonetric method has controlled
for this; thus, our results are not biased. The P? statistics
are conputed fromequation (6) and are reported in Table 2.

Sutton (1991) shows that exogenous sunk cost, such as
pesticide product regul ation, positively affect endogenous sunk
costs, such as research spending. Hence, it is necessary to
purge the research term (RESEARCH ;) of its dependence on
regul ation and other factors. Accordingly, we create the
instrunmental variable (RESEARCH ), which is the predicted val ue
of firm pesticide research expenditures. W enploy all exogenous
vari abl es and overall firmresearch as instrunents. W define
overall firmresearch in a way simlar to RESEARCH, in equation
A 1l
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W use a two stage SUR nethod to estimate equations 2 and 3
over the 1972-89 period wth industry-level data. First, we
create an instrunental variable (INDRD,) for industry pesticide
research (RDI ND,) because an increase in exogenous sunk
(regulatory) costs may affect the |evel of endogenous sunk
(research) costs (See Sutton, 1991). W use val ue added and al
t he exogenous vari abl es of equations 2 and 3 as instrunents.

Val ue added canme from U.S. Bureau of the Census files.

In estimating equations (2) and (3) we first nodel sone
prelimnary estimators with OLS to determ ne whet her
autocorrelation is present. W determine that it is not. Next,
we estimate equations (2) and (3) with a "two limt" tobit
because both equations (2) and (3) are bounded between zero and
one (See Maddal a, 1983). Results are simlar to those of the QLS
because the Iimts are not binding. Hence, neither
autocorrel ation nor the theoretical bounds bias the results. As
a consequence, we use a SUR econonetric nodel with the
instrunmental variable for industry research and the other
vari abl es of equations 2 and 3 as explanatory variables. W nade
no adjustnents for autocorrelation. W report the Durbin-Watson

statistics in Tables 3 and 4.

VIIl. Results
A. Pesti ci de | nnovati on

Results for three tine periods with three regul atory cases
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for each tine period are reported in Table 2. W exam ne the
1972-81 and 1982-91 periods in addition to the overall period
because anecdotal evidence suggests a phase-in period for new
regulatory rules and a period of |ittle change afterward. The
EPA published its first rules for chronic toxicity in 1978 and it
was not until 1982 that the EPA inplenented a conplete set of
rules for both chronic and environnental testing. Later

addi tions suppl enented existing rules but did not go beyond the
chronic and environnental testing nandates stated in the 1972
FI FRA anendnents. Table 2 contains results for these three
peri ods.

The three cases presented in Table 2 differ in the use of
regul atory variables. Each regulatory variable neasures a
sim |l ar phenonenon - regulatory intensity - and correl ates
strongly with the other proxies for regulation. Since each
regulatory termal so affects research expenditures, we use an
instrunental variable for research expenditures to nake the
regul atory terman expression that is net of its inpact on
research expenditures. Hence, each regul atory variable
represents a net regulatory inpact.

Results of the product innovation regression for the overal
period indicate that pesticide research expenditures, firm market
share growt h, and foreign-based entrants relate positively to new
pesticide registrations. Regulation and the interaction term
bet ween forei gn-based conpany entrants and pesticide research
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relate negatively to new pesticide registrations. Market share

i's negative but insignificant. |Industry growh is positive but

insignificant in sone periods of the first two regul atory cases

and is dropped in the third case because of serious collinearity
with ARUL75,.

O considerable interest is the negative and significant
signs on the coefficients of the regulation terns. The
coefficient for Pesticide D vision |abor (PESLAB,) suggests that
an increase of enploynent at the pesticide division of 10 percent
| eads to about a 16 percent decline in innovation. The
coefficient of the ratio of regulatory costs to industry
pesticide research (AVREG) suggests that a 10 percent increase
in new pesticide regulatory costs results in a 2.4 percent
reduction in innovation. The coefficient on the EPA-anticipated
cost of data requirenents for regul atory conpliance (ARUL75,)
suggests that a 10 percent increase in the EPA-antici pated cost
|l eads to a 15.2%decline in innovation. As indicated earlier, we
al so assuned that the conplete effects of the 1978, 1982, and
current rules occurred in 1972, 1979, and 1983. The results are
simlar and available fromthe authors.

The positive and significant influence of pesticide research
expenditures is consistent wth Thomas (1990) and ot her studies
of pharmaceutical innovation. The positive influence of market
share growh is consistent with Kl epper and G addy (1990) in that
past success fosters future success. The insignificance of the
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mar ket share term (Tabl e 2) suggests that sone large firns were
producers of nonproprietary agricultural chemcals. Firns can
generate sales fromeither new proprietary pesticides or non-
proprietary pesticides. |[If it generates revenues from new
pesticides then market share should be strongly related to

i nnovation. However, if a firmderives revenue fromwell -
establ i shed pesticides then nmarket share may not affect

i nnovat i on.

The positive sign of the foreign-based firmentrant dumy,
al so reported in Table 2, indicates that foreign-based entrants
had a significant innovative advantage over firnms with a | arger
U. S. pesticide research presence. This does not inply that
foreign-based firns had higher pesticide research productivity.
Teece (1982) argues that conpanies with greater geographic
di spersion have greater opportunities to market their products
and thus recover sunk costs. Along this line, a foreign-based
conpany may use products devel oped overseas to enter the U. S.
mar ket. These conpani es woul d have | ower U.S. research costs and
an apparent innovative advantage over established U S. conpanies.
As foreign-based conpanies increase their U S. pesticide research
spendi ng, however, their apparent advantage may di m ni sh.

The interaction termrepresents the effect of size of U S
pesticide research operations of international firmentrants on
i nnovation. The negative sign of the coefficient supports the

view that foreign-based firnms |ose their innovative advantage as
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they expand their U S. presence. An exanm nation of the dummy
vari able for foreign-based entrants and the interaction term

i ndicates that foreign-based entrants with nore than $20 mllion
in U S pesticide research expenditures had no i nnovative

advant age over other conpanies. The prices variable was dropped
fromall equations and industry growth was dropped fromthe nodel
cont ai ni ng ARUL,, because of insignificance due to collinearity.

Now contrast the 1972-81 and 1982-91 periods. Results
indicate that regulation did not change in stringency in the
second period. During the 1972-81 period, all regulatory
coefficients are significantly negative. During the second ten
year period, PESLAB, is positive but insignificant, AVREG is
negative and insignificant, and ARUL75, is significantly negative
but with a |lower coefficient than in the first period. Hence,
after the EPA finalized inplenenting rules for the 1972 FI FRA
anendnent in 1982, there was little or no additional regulatory
I npact on pesticide registrations.

These results of the inpact of pesticide regulation on
pesticide innovation are simlar yet different from previous
studies in the pharmaceutical industry. Simlar to G abowski,
Vernon, and Thomas (1978); and Thomas (1990), we find that EPA
regul ati on has a negative influence on innovative productivity.
Unli ke Thomas (1990), our results do not indicate an increase in

regul atory stringency over tine.

31



B. Pesticide Toxicity

Table 3 contains the results of the pesticide toxicity
regression. W exam ne six cases, including tw specifications
of the dependent variable and three regul atory expressions for
each dependent variable specification. O npbst significance is
that regul ati on encouraged the devel opnent of |ess toxic
pesticides. This result is consistent with the hypothesis that
greater regulatory scrutiny raises the search and devel opnent
costs of bringing a pesticide to market. The inpact of nore
stringent regulation is costly, however. |If the industry
i ntroduced 50 new pesticides over the next ten years, a 10
percent increase in toxicological and environnental testing costs
woul d result in between 2 and 3 additional pesticides being
"l ess" rather than "nore" toxic. The cost of causing this change
woul d be about $29 mllion per pesticide. In terms of ARUL75,, a
10 percent increase in EPA-anticipated costs results in about 5
addi tional pesticides being "less" rather than "nore" toxic over
ten years. Results for ARUL72, are simlar to those for ARUL75,
and are avail able fromthe authors.

The negative sign on the coefficient for pesticide research
spending in equation (2) suggests that an increase in pesticide
research expenditures |eads to the devel opnent of fewer |ess
toxic pesticides. This result is consistent wth the hypothesis
that farners value pesticide efficacy nore than health and
environnental effects and that pesticides with high efficacy are
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al so very toxic. These toxic pesticides are less likely to pass
regul atory scrutiny, nmaking the search for pesticides with high
efficacy that can pass regulatory guidelines a costly process.
Hence, an increase in research and devel opnent expenditures
causes an increase in efficacy but decreases the percentage of

| ess toxic pesticides.

The pesticide toxicity regression also shows that the
Herfindahl I ndex and industry growth had positive influences on
the proportion of |less toxic pesticides. Farmprices negatively
i nfl uenced the proportion of | ess toxic pesticides. The positive
sign on the coefficient for the Herfindahl Index is consistent
Wi th previous research (A linger and Fernandez, 1993) indicating
that larger firms incur |lower regulatory-related costs than
smaller firnms. The proportion of foreign-based entrants had no

effect on pesticide toxicity and was dropped. 2

C. Pesticide Crop Markets

Table 4 reports the results of the pesticide crop market
regression. The six cases correspond to those in Table 3 for
equation 2. W estimated equations (2) and (3) together using
the SUR nethod. Regulation and the Herfindahl |ndex have a
significantly positive effect on pesticides for major crop market
use. Research expenditures and growth have no significant effect
on pesticide crop market use. Estimates of the degree to which

regul ation influences pesticide crop market choi ces suggest that
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a 10 percent increase in regulatory costs causes a 3.4 percent
increase in the proportion of pesticides for najor crop nmarkets
to pesticides for all crop markets. Alternatively, a 10 percent
increase in EPA-anticipated costs causes an 8 percent increase in
the proportion of pesticides for major crops. Results for
ARUL72, are simlar to those for ARUL75, and are avail able from

t he aut hors.

The positive relationship between the regulatory cost ratio
and crop market size is consistent wwth the hypothesis that firns
respond to greater regulatory costs by focusing their research on
pesticides for major crop markets. Two possibilities exist.
Firms coul d devel op many pesticides for mnor crop markets but
devel op proportionately nore pesticides for major crop markets.

Al ternatively, firms could increase or not change the nunber of
new pesticides they devel op for major crop markets and reduce the
nunber of new pesticides for mnor crop markets.

Tabl e 1 shows that the nunber of pesticides for major crop
mar kets dropped |l ess than that for mnor crop markets. For
exanpl e, the nunber of pesticide introductions for herbicides for
maj or crop markets remain al nost constant throughout the 1972-89
period. Hence, the proportion of pesticides for major crop
mar ket s rose because firns devel oped fewer pesticides for m nor
crop markets.

The positive effect of the Herfindahl Index is consistent
with the hypothesis that successful firms wth |arger market
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shares devel op pesticides for major crops. Oher variables, such
as farmprices, the proportion of firns with mainly overseas
pesticide research facilities and farm prices have no effect on
crop market size and were dropped. Gowh in planted farm
acreage is reported but has an insignificantly negative effect on

crop market size.

| X. Concl udi ng Conments

A major finding of this paper is that regul ation negatively
af fects innovation, as neasured by the total nunber of new
pesticide registrations. The regulatory inpact has its greatest
ef fect on pesticides for mnor crop markets, i.e. mnor
vegetable, fruit, and nut markets. These findings affirmthe
hypot hesis of Green, Hartley, and West (1977) in that regul ation
did negatively affect innovation and firns did focus nore on the
devel opnent of pesticides for major field crops.

Anot her major result is that regul ati on encourages firnms to
devel op |l ess toxic pesticides. Although this last finding is in
conflict wwth the view that regulation is likely to cause firns
to devel op nore toxic chem cal pesticides, it agrees with
anecdot al evidence related to persistence.® This anecdot al
evi dence suggests that, after the EPA banned DDT and several
ot her chem cal pesticides that persist in the environnent,
pesticide firms focused their pesticide research on pesticides
t hat degrade rapidly and stopped the devel opnent of pesticides
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that persist in the environnent. Hence, regul ation has
encouraged firns to devel op chem cal pesticides that are both
|l ess toxic and are | ess persistent in the environnent.

The reduction in the availability of new pesticides for
m nor crop markets coul d prove costly because pests eventually
devel op resistance. Eichers (1980), for exanple, indicates that
i nsect resistance had caused a drop in sales of DDT, chlordane,
and heptachl or before the EPA banned t hese organochl ori ne
insecticides. Additionally, Eichers (1980) indicates that weed
resistance to the herbicide 2,4-D led to the decline in market
share from 32%in 1966 to 4% in 1976. Despite this tendency to
devel op resi stance, new registrations of chem cal pesticides for
m nor crops have not been forthcomng. Additionally, about 600
existing crop registrations will be dropped fromuse by 1997
because of reregistration costs (See G anessi and Puffer, 1992).

The costs of pesticide regulation nay al so have favored the
devel opnent of pest-control alternatives. Over the past four
years, about 25% of all new regi stered pesticides have been
bi ol ogi cal s, which have substantially |lower regulatory costs than
chem cal pesticides. Major pesticide conpanies al so have been
active in plant biotechnology. By nodifying plant gene
structures, pesticide conpani es are devel opi ng sone plants that
are tolerant to pesticides and other plants that have inbred pest
resi stance. These two types of plant characteristics enable
farmers to either use existing pesticides on nore crop varieties
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or to avoid the use of sone types of pesticides.

Three results of this paper are consistent with previous
phar maceutical industry studies in two ways. G abowski, Vernon,
and Thomas (1978) and Thonmas (1990) found that stricter FDA
regul ati on of the pharmaceutical industry caused innovative
productivity to decline. Thomas (1990) also found that FDA
regul ation caused firns to focus their research resources on nore
fundanental |y i nnovative products, which have the potential of
generating very high |l evels of revenue, and to reduce the
devel opnent of imtative products, which have | ower potenti al
revenues.

This paper differs from previous pharmaceutical industry
studies in two principal ways. First, it shows that pesticide
regul ati on caused the devel opnent of |ess toxic pesticides.

Al t hough Peltzman (1973) found that the incidence of ineffective
drugs was |l ess than 10%in the pre- and post-1962 peri ods,
econom ¢ studies of the pharnmaceutical industry do not exam ne
side-effects. Second, rather than exam ning highly innovative
and imtative products, we consider only novel pesticides. Like
pharmaceutical industry studies, however, we find that firns
changed their research focus to the devel opnent of pesticides

with a potential of generating very high | evels of revenue.
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Table 1
Pesticide Toxicity and Crop Market Use of Pesticide
(Nunber of pesticides registered belonging to a given group)

Toxi city G op Market *
i Maj M n Nur /
d assl ) ! Fl d Fld Veg Frt/N Gh
Year 2 Acute Chr FWId Qh! Tot® [h,i,0° hi,0o h,i,o hi.o hi,0
i
1972 (12) 3 1 3 4 i 5 2,3,0 4,3,1 3,50 442 321
1973 (4) 1 2 5 2 i 7 1,1,1 2,1,2 4,0,2 3,1,2 0,20
1974 (11) 2 2 4 2 i 6 3,2,1 4,2,1 3,42 3,22 222
1975 (12) 1 1 3 1 i 6 4,1,0 51,1 2,1,0 4,3,0 7,1,1
1976 (7) 0 1 3 1 i 3 2,000 2,00 3,00 300 20,2
1977 (1) 1 1 1 0 i 1 0,0,0 0,0,0 0,00 0,0,0 20,1
1978 (0) 0 0 0 0 i 0 0,0,0 0,0,0 0,0,0 0,0,0 0,0,0
1979 (9) 2 1 5 2 i 7 1,42 1,3,3 2,6,6 2,56 3,52
1980 (9) 2 2 2 1 i 5 31,0 200 0,1,0 0,0,0 1,30
1981 (5) 1 0 2 1 i 3 0,0,2 0,01 0,0,2 0,0,4 00,3
1982 (7) 1 1 3 3 i 5 2,2,1 1,00 0,13,0 0,1,0 1,0,2
1983 (8) 1 2 4 0 i 6 3,0,0 4,0,0 502 402 321
1984 (7) 0 2 3 0 i 4 0,2,0 00,0 0,2,0 0,32 2,23
1985 (4) 1 1 3 2 i 4 0,0,0 0,0,0 0,2,0 0,0,0 2,20
1986 (8) 1 0 2 0 i 2 6,0,0 300 10,0 0,0,0 3,1,0
1987 (4) 3 0 3 3 i 6 3,00 2,00 0,000 0,0,0 21,0
1988 (4) 2 0 2 2 i 3 3,1,0 2,1,0 0,2,0 0,0,0 1,0,0
1989 (10) 1 0 2 1 i 3 2,1,1 2,0,2 0,0,2 22,4 20,1
1972- 76( 46) 7 6 18 8 i 27 12,7,2 17,7,5 15,10,4 17,10,6 14,7,6
1977-81 (24) 6 4 10 4 i 16 4,54 3,34 6, 7,8 2510 68,6
1980- 84 (36) 5 7 13 5 | 23 8,5,3 7,001 5, 4, 4 4,48 87,9
1985- 89 (30) 7 1 12 8 i 18 14,2,1  9,1,2 1, 4, 2 2,2,4 10,40

1. Since one type of pesticide can be used on several crops, the nunber of
pesticide types in all categories exceeds the total nunber of new pesticides.
2. Nunmber in parentheses is total new pesticides; table does not include 3
registrations in 1990 and 3 registrations in 1991; over 1982-86 period there
were 34 and over 1987-91 there were 24 new registrations.

3. Since one pesticide may have multiple health and environnmental effects,
this nunber is less than sumof all health and environmental effects. Chr:
chronically toxic; F/WId: toxic to fish and wildlife; Oh: other effects.

4. Maj Fld: corn, cotton, sorghum soybean, and wheat; Mn Fld: alfalfa,

barl ey, clover, flax, hops, lentils, mnt, oat, peanut, peas, potatoes, rice,
rye, safflower, sunflower, sugarbeet, sugarcane, sweet potato, tobacco; Veg:
aspar agus, beans, broccoli, cabbage, carrot, cauliflower, onions, sweet corn,
cucunbers, |ettuce, tomatoes, and 35 other vegetabl es, having | ess than

100, 000 acres planted; Frt/N apple, grape, nectarine, peach, pear,

pl um prune, citrus, strawberry, alnonds, filberts, pecans, walnuts, and 51
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other fruits and nuts, products with generally | ess than 100,000 in acreage.
Nurs/ Gt h: greenhouse, grass & turf, conifers, five other nursery uses, forage
& pasture, storage, forestry, and five other non-crop and non-Nursery uses.
5. his herbicides; i is insecticides; o is fungicides and other pesticides.
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Table 2

Estimates of the Determinants of Pesticide |nnovations
(standard errors in parentheses)

Vari abl e Case 1 Case 2 Case 3
1972-91 72-81 82-91 1972-91 72-81 82-91 1972-91 72-81 82-91
| NTCPT -14.6"" -14.5"" -21. 0+»» -13.0"" -11.4™" -26.3"" -0.74™" 25.0"" -0.66
(2.29) (4.19) (6. 00) (2.59) (3.31) (8.88) (2.16) (11.2) (7.83)
| NSTRD 0.96""" 0.66"" 1.55"" 0.94"" 0.65" 1.49™ 0.74™" 0.46" 1.55""
(0.19) (0.27) (0.42) (0.18) (0.27) (0.41) (0.19) (0.28) (0. 43)
LGSHR 0.97" 2.05" 1.67" 0.91" 2.17" 1.69" 0. 59 1.99° 1.85"
(0. 55) (1.05) (0. 85) (0. 54) (1.07) (0.88) (0. 54) (1.08) (0.88)
I NT 5.89"" 4.62 2.17 5.47" 4.46 1.44 4.87" 2.41 3.08
(2.28) (3.03) (6.30) (2.16) (3.14) (6.04) (2.34) (3.27) (5. 84)
RDI NT -0.59" -0.47 -0.17 -0.56" -0.45 -0.09 -0.51" -0.20 -0.29
(0. 30) (0. 41) (0.79) (0.28) (0. 43) (0. 75) (0.31) (0. 45) (0.72)
LSHARE -0.13 -0.08 -0.58" -0.17 -0.09 -0.61" -0.12 -0.06 -0.59"
(0.13) (0.19) (0.33) (0.13) (0.19) (0. 34) (0.13) (0.21) (0. 34)
PESLAB -1.61"" -1.57" 7.28
(0. 46) (0. 64) (5. 25)
AVREG - - - -1.52"" -1.65"" -5.72
(0.42) (0.67) (3.58)
ARUL75 - - - - - - -1.52"" -6.5"" -3.30"
(0. 48) (2. 49) (1.74)
GROM 2.76 7.83"" 0.85 0. 36 7.10" 0.50
(2.07) (3.35) (7.04) (2.51) (3. 45) (6.98)
CBS. 388 178 178 388 178 186 388 178 178
S| GVA 0.94 0.91 0.94 0.94 0.90 0.94 0.97 0.94 0.94
p2 58.5 31.9 33.7 68.0 33.3 40.0 52.6 30.9 40. 4

Cases 1, 2, and 3: nodel s using PESLAB, AVREG and ARUL75 as regulatory terns.
Dependent Variabl e: nunber of pesticide registrations; |NTCPT=intercept term

| NSTRD= | og of the instrumental pesticide research variable; L&SHR=I og of |ag
of firmpesticide gromh in narket share;

I NT=a dummy variable for foreign-based firns that enter the U S. pesticide
market after 1972; RDINT=interaction of INT ,, and log of |NSTRD LSHARE=l og of
lag of firmmarket share; PESLAB=l og of enploynent at Office of Pesticide
Program of EPA as regulation term AVREGSlog of industry environmental and

heal th testing costs divided by idustry research expenditures; ARUL75=l og of

of regul ation index; GROM=log of pesticide industry sales growth. Table A1l
has detailed variabl e definitions.

S| GVA=di spersi on parameter. ***=1%si gni ficance; |evel;**=5% significance;*
10% si gni fi cance.
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Table 3
Estimates of the Determinants of Pesticide Toxicity
(Standard Errors in parentheses)

Toxicity Types

Fish/Wld Fi sh/ W Fish/Wld Fi sh/ W1 Fish/Wld Fi sh/ W
Acut e/ Chro | d Acut e/ Chr d Acut e/ Chro | d
n Chron on Chron n Chron
Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
| NTCPT -0.39 0. 80 -0. 47 -0.81 -1.08 -1.41"
(0.51) (0.50) (0.49) (0.50) (0.64) (0. 66)
| NDRD -1.33" -0.60 -2.08" -1.33 -0.59" -0.55™
(0.63) (0.61) (0.89) (0.87) (0.20) (0.20)
HERF 0. 27 0.55" 0.27 0.52" 0.55" 0.85""
(0.30) (0.28) (0.29) (0.28) (0.33) (0.34)
PESLAB 0.52" 0.57" - - - -
(0.29) (0.28)
AVREG - - 2.36" 2.38" - -
(1.23) (1.15)
ARUL75 - - - - 0.94" 1.00"
(0.39) (0.40)
PRI CES -7.94" -5.08" -8.24" -5.38" -12.3™ -0.90"
(2.18) (2.21) (2.11) (2.23) (2.12) (0.23)
RO 1.14" 1.09" 1.28" 1.21" 1.63" 1.45"
(0.47) (0.48) (0.44) (0.47) (0.21) (0.44)
aBS. 18 18 18 18 18 18
DWW 1.61 1.72 1. 67 1.95 1.99 1.81
R? 0. 43 0. 47 0. 45 0.31 0.59 0.53

Cases 1,2,3,4,5, and 6 refer to alternative specifications of the toxicity
regressions that are paired with Cases 1,2,3,4,5, and 6 of the crop market
size regression in the SUR econonetric nodel. The results for crop market
size regression are reported in Table 4.

Dependent Variable: proportion of |less toxic pesticides to all pesticides.

| NTCPT=i ntercept term | NDRD=i nstrumental variable for industry research;
HERF=Her f i ndahl 1ndex, in hundreds, for pesticide industry; PESLAB=enpl oynent
at Ofice of Pesticide Programof EPA; AVREG=i ndustry environmental and heal th
testing costs divided by industry research expenditures. ARU75=regul ation

i ndex. PRI CES=agricultural prices; GRON=pesticide industry sales growh.
Table A 1 has detailed variable definitions.

*** 1% significance; ** 5%significance; * 10% significance.
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Table 4

Estimates of the Determinants of Pesticide Crop Market Size
(standard errors in parenthesis)

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
| NTCPT 10. 65 12.18 11.81 12. 71 10. 43 11. 16
(7.57) (8.32) (7.85) (8.72) (7.61) (7.91)
| NDRD 0.91" 0.87" 0.21 0.17 -0.21 -0.22
(0.29) (0.30) (0.57) (0.59) (0.15) (0.59)
HERF 0.66""" 0.68"" 0.66""" 0.67"" 0.88"" 0.89""
(0.19) (0. 20) (0. 20) (0. 20) (0. 26) (0. 26)
PESLAB 0.50" 0.52" - - - -
(0. 20) (0.21)
AVREG - - 2.13" 2.17" - -
(0.92) (0.94)
ARUL75 - - - - 0.79" 0.81"
(0.30) (0.30)
GRON2 -11.4 -13.0 -12.5 -13.42 -11.63 -12. 37
(7.67) (8.43) (7.9) (8.83) (7.78) (8.08)
CBS. 18 18 18 18 18 18
DW 2.07 2.05 1.91 1.91 1.91 1.95
R? 0. 87 0.83 0.83 0.83 0.83 0. 86

Cases 1,2,3,4,5, and 6 refer to the crop market regression that was paired
with Cases 1,2,3,4,5 and 6 pesticide toxicity regression in the SUR
econonetric nodel. Cases 1,2,3,4,5, and 6 for the pesticide toxicity
regression are reported in Table 3. Dependent Variable: proportion of |arge
vol ume crop narkets registrations to snall volume crop nmarket registrations.
| NTCPT=i ntercept term

| NDRD = instrument for average deflated industry pesticide research spending;
HERF=her fi ndahl index, in hundreds, for pesticide industry; PESLAB=enpl oynent
at offices or pesticide prograns of EPA; AVREG=i ndustry environmental and
heal th testing costs divided by industry research expenditures. ARU.75=

regul ati on index; GROMR = two year noving of growh in planted acreage.

Table A 1 has detailed variable definitions.

*** 1% significance; ** 5%significance; * 10% signi ficance.
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APPENDI X A
Table A 1

Definition of Variables in Equations 1, 2, and 3

Vari abl e Definition

N . The nunber of new pesticide registrations at the EPA

RESEARCH; ,

: n,
,ZORDi,t—j
RESEARCH, - L (a.1)
t

where RD, , is firmpesticide research expenditures and n 1S
the time fromdiscovery to comercialization of a pesticide.
Thomas (1990) used a simlar definition for pharmaceutical

i nnovati ons because that industry also had a variable | ag
structure for product devel opment. Al so, Sharp (1986) and
NACA data (1971-87) suggests that pesticide research costs
are evenly distributed over the product devel opnment cycle.

I NT; . A dummy variabl e equal to one for foreign-based comnpanies
that enter the U S narket after 1972 and zero ot herwi se.

RDI NT; Interaction termbetween INT ;, and RESEARCH; ..

LSHARE, , The lag of nmarket share, which is based on conpany and
i ndustry sal es.

L&SHR; The lag of the three year average of LSHARE /LSHARE, ;. This
definition of growth is enployed because our specification is
inlog form which does not allow us to use negative nunbers.

PESLAB, Regul atory effects occurs throughout the pesticide product

devel opnent cycle. At any point, a firmmy w sh to curtail
further devel opnent because of a change in the regul atory
environnent. For exanple, the pesticide research opportunity
set islimted to only those chemcals that can pass EPA
approval . After selecting a pronising chenical conpound,
costs include additional or nore rigorous field testing and

t he possi bl e withdrawal of products that are not able to neet
environnental constraints. The next step is for firns to
subnit their test data to the EPA and commrercialize the
product. A lag structure in the nodel is, therefore,
necessary. Hence, we create a noving average term This
regul ation variable is defined in the same formas RESEARCH
in equation (a.1) above, except that staffing level at the
CPP (LABCOR,) replaces RD, ;. Wrren and Chilton (1989)
maintain that staffing levels reflect regulatory intensity.
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Vari abl e Definition

AVREG,
This regulation variable is defined in the same way as
RESEARCH,; , in equation (a.1) above, that the ratio of
pestici de research for environnental and health tests (R ) to
total research expenditures (R ,+NR;) replaces RD,.* W use
this measure of regul ati on because workers are added in
response to greater reporting requirements and thus may
understate regulatory inpact. W take the average over the
product devel opment tine because regulatory effects occur
t hroughout the product devel opment cycle. See PESLAB . for
nore conpl ete description.

ARUL75 This regulation variable is defined in the same conposite
formas RESEARCH ; , in equation (a.1l) above, except that the
rati o (PROPCSE +RULE,)/RULE71, replaces RD, PROPCSE, is the
EPA-antici pated cost of proposed rules in year t. RUE, is
the cost of all rules in existence in year t. RULE71, is the
cost of rules in existence in 1971. The EPA established new
rules in 1978 and 1982. New rules are currently under review
and in nmanuscript form According to Arnold Aspelin and Gary
Bal | ard of the EPA, who wote the econom c anal yses for the
rul e changes, new pesticide registrants adhered to the new
rules prior to their formal publication. Hence, 1978 rul es
reflect rule changes over the 1972-77 period, 1982 rul es
reflect rule changes during the 1978-81 period, and 1994
rules reflect rule changes after 1981. ARUL75 . assunes t hat
the actual rule change occurred in 1975 for the 1978 rul e
changes, 1979 for the 1982 rul e changes, and 1988 for the
1994 rul e changes. W average all |agged periods over the
product devel opment cycl e because the inpact of regulation on
t he pesticide research process occurs throughout the product
devel opnent cycle. See PESLAB , for nore conpl ete description.

PRI CES, Def | ated agricultural prices.

GROMG , The five year average of S ,/S,.;, inwhich S, is current year
and S,.; is sales in the previous year. This definition of
growt h is enpl oyed because our specificationis in log form
whi ch does not allow us to use negative nunbers.

LESSTOX, The ratio of the four year noving average of the nunber of
| ess toxic new pesticides to the four year average of all new
regi stered pesticides. W used two definitions for "nore
toxic". Under the first definition, a pesticide is "more
toxic" if it either has a dass 1 acute toxicity rating, is
chronically toxic, or is toxic to fish or wildlife. This
definition includes all types of pesticide toxicity
consi dered by the EPA. The second definition includes only
those pesticides with chronic effects and those that are
toxic to fish/wildlife. W define "nore toxic" in this way
because the 1972 amendnent dealt with only chronic effects
and toxicity to fish/wildlife (See Hatch, 1982).
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| NDRD,

HERF,

Vari abl e

I NT2,
LARGCROP ,

I ndustry research expenditures, defined in a way simlar to
firmresearch RESEARCH ; , with industry research expenditures
repl acing RD,.

The Herfindahl |ndex, defined as the sumof the squares of
conpany nar ket shares.

Definition

The proportion of foreign-based firmentrants.

The ratio of the four year noving averages of the nunber of
crop registrations for major field crops to the nunber of
pesticides registered for najor and mnor field crops, major
and m nor vegetables, fruits and nuts, and for nursery and
other crops. Major field crops include corn, cotton,
sorghum soybean, and wheat. Mnor field crops include
alfalfa, barley, clover, flax, hops, lentils, mnt, oat,
peanut, peas, potatoes, rice, rye, safflower, sunflower,
sugar beet, sugarcane, sweet potato, and tobacco. Vegetables
i ncl ude asparagus, beans, broccoli, cabbage, carrot,
caul i fl ower, onions, sweet corn, cucunbers, |ettuce,

t omat oes, and 35 ot her vegetabl es, having | ess than 100, 000
acres planted. Fruit and nuts include apples, grapes,

nect ari nes, peaches, pears, pluns/prunes, citrus,
strawberries, alnonds, filberts, pecans, wal nuts, and 51
other fruits and nuts, products with generally less than
100,000 in acreage. MNursery and other crops include
greenhouse crops, grass and turf crops, conifers, five other
nursery uses, forage & pasture, storage, forestry, and five
ot her non-crop and non- Nursery uses.

The two year noving average of the ratio of current year
pl anted acreage to previous year planted acreage.
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APPENDI X B
Dat a

This study contains all firms that introduced at |east one new
pesticide, that were ranked in the top twenty pesticide conpani es at | east
once, and for whom research and devel oprent data were avail abl e over the 1972-
91 peri od.

New pesticide registrations came from Aspelin and Bi shop (1991). W
used Kline Associates publications to determne the conpanies in the sanple. 5
If afirmwas not on the first report, its year of entry was assuned to be
the year in which they registered their first pesticide, conducted pesticide
research in the U S as indicated in the Survey of Industrial Research and
Devel oprment, (1972-89) or entered the pesticide market by merging with an
Aneri can conpany, whichever cane first. Eichers (1980) data indicates that
all firns in the top twenty in 1974 existed in 1967

Overall and industry firmresearch expenditures cane fromthe The Survey
of Industrial Research and Devel opment (1972-89) at the U S. Bureau of the
Census, Kline and Conpany Data (1989, 1991), and Moody' s I ndustrial Mnual
(1972-91). The U S. Bureau of the Census conducts the survey for National
Sci ence Foundati on and asks questions on firmlevel research for each year
from 1972 to 1989 and research expenditures for specific categories, such as
i ndustry, state, and environnental, for all years except 1978, 1980, 1982,
1984, 1986, and 1988. W define all research in the category on agricultural
chem cal research as expenditures on pesticide research because the firns in
the sanple did not produce fertilizers.

Al firms did not report at the same | evel of detail because research
expenditures by category is voluntary. One firmdid not report agricultura
chem cal research expenditures and was dropped. Several other comnpanies
failed to report agricultural chem cal research expenditures during some

reporting years. Supplenental data for 1989 and all of the data for 1991 cane
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fromKl ine and Conpany reports. For years in which firns provi ded no
voluntary data, conpanies often provided detail ed research data in their
annual reports, SEC filings, or in EPA estimates. Accordingly, if annual
report, SEC filings data, or EPA data were nore detail ed than Census Bureau
data, we used that information. Enploying this methodol ogy, we obtained a
time series of firmindustry level research data for the 1972-91 peri od,
excluding sone firns in 1978, 1980, 1982, 1984, 1986, 1988, and 1990. W
estimated agricultural research expenditures during these years from
agricultural research expenditures in the surrounding years and overall firm
resear ch.

W al so used estinmates of agricultural research spending for the period
from 1965 to 1972 because of the | ag between research spending and pesticide
registration. Qur estinates are based on firmagricultural chem cal research
spending in 1972, overall firmresearch spendi ng over the 1965-72 period, and
pesticide industry research. Conbining these data with our other data yield a
data set that covered the 1965-91 period. Al values were deflated by the G\P
price defl ator.

W used the Product File at the U S. Bureau of the Census and Kl ine and
Conpany data to determne firmsales and nmarket share. The Product File
contains total value of production, values for single products defined at the
five digit SIC level, and m scellaneous production data at the establishment
level. W used the value of shiprments to deternine domestic production of
pesticides. These are listed under SIC 28694 and 2879. Since donestic
production includes pesticides for exports for donestic producers and not hi ng
for foreign producers, we al so considered Kl ine Conpany data, which contains
estimates of domestic and foreign sales. |If the reported val ue of Census
shi pments was greater than 120%of the Kline estimates or | ess than 80% of the
Kline estimates, we assuned the conmpany was either an exporter or inporter and

used Kline estimates. |f values of Census production fell wthin these
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limts, then the firmwas assunmed to be producing only for domestic
consunption and Census data were used. After making these adjustments, we
conput ed estimated industry sales and conpared themto val ues reported by
NACA.

Labor enpl oyment at the EPA Office of Pesticide Prograns (CPP) for
conputing PESLAB .. cane from EPA budgets. Industry regulatory costs, which
were required for AVREG ,, cane from NACA (1971-89). These costs were assuned
to include all environmental testing, toxicology studies, and EPA registration
costs. Non-regul atory costs were assumed to be search, synthesis, field
testing, and process devel opnment costs.

Rul e descriptions and the costs of performng newtests came fromthe
Federal Register (Septenber 6, 1978 - Part I1) for the 1978 rules, an August
of 1982 EPA nmanuscript entitled Regul atory | npact Anal ysis Data Requirenents
for registering Pesticides under the Federal Insecticide, Fungicide, and
Rodenti ci de Act (1982), and a June 22, 1994 manuscript entitled Changes to
Part 158. Each nanuscript describes the proposed rul e changes and gives a
cost of the rule. The 1978 and 1982 docunents give the costs of existing and
proposed rules. Rules are weighted by their expected costs because rul es may
be of different rigor. The authors of the reports (Arnold Aspelin and Gary
Bal l ard of the EPA) indicate that new pesticide registrants conplied with al
regul atory changes prior to the formal establishnent of the new rules.

Bal | ard says that the EPA had inpl emented the 1978 rul e changes by 1975
Hence, an assunption that rule changes becanme effective in 1978, 1982, and
1994 woul d be misleading. Mre satisfying are assunptions that rul e changes
occurred during the period between the witten rules, i.e. 1975, 1979, and
1988. Aternatively, it is plausible to assune that pesticide registrants
anticipated rule changes. In this vein, assunptions that the rul e changes
took place in 1972 for the 1978 rules, 1979 for the 1982 rules, and 1983 for

the 1994 rul es are appeal i ng.
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VW used the Farm Chem cal s Handbook, CPCR and EXTOXNET to deternine
pesticide toxicity. Data on pesticide crop market uses came fromthe Pest
Bank - Novenber 1991, which is provided through the National Pesticide
Retrieval System Toxicity and crop market classifications are provided in

Tabl e 1.

I ndustry pesticide research, industry average product devel opnent
period, and industry sales for GROM , came from NACA. Industry val ue added
came from Census files. The Herfindahl Index is based on the conputed market
shares. Agricultural prices and planted acreage, which was required to
conpute the growth in planted acreage, came from Agricultural Statistics

(1974-91). Agricultural prices were deflated by the G\P price deflator.
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ENDNOTES
1. One critic of pesticide regulation is the National Agricultural Chenical
Association (NACA). Pesticide innovation can refer to the devel opnent of
ei ther novel pesticides (active ingredients) or mxtures of existing active
ingredients with inert naterials used to i nprove safety, storage, handling, or
application characteristics. In this paper, new pesticide registrations and
pesticide innovations refer to active ingredients. The term pesticide
i ncl udes insecticides, herbicides, fungicides, and other agricultura

chem cal s such as growth regul ators.

2. The above results include only pesticides devel oped by the ngjor
pestici de conpanies. W al so eval uated changes in the proportion of |ess
toxic pesticides for the entire pesticide industry. The results for the
larger sanple are simlar to those reported in Table 3 for the major pesticide

firms.

3. Lichtenberg, Spear, and Zilberman (1993) believe that regul ation

encourages firms to devel op nore toxic pesticides.

4. The National Agricultural Chem cals Association (NACA) publishes a
detail ed description of pesticide industry research costs that includes
several types of environmental expenditures. See National Agricultura
Chem cal s Association, Pesticide Industry Profile Study, National Agricultural

Chem cal s Associ ation, various issues, 1971-89.

5. Kline and Conmpany, The U.S. Pesticide Market (various issues) contains

conpany sal es data over the 1974-91 period and pesticide research spending for

1989 and 1991.
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